Specifically, the electronic spin-pairing transition of iron in ferropericlase ((Mg,Fe)O), an 50 abundant mineral in the Earth's lower mantle, is found to result in changes in density, 51 some of the elastic constants, and transport and rheological properties, which in turn 52 affect a broad spectrum of geophysical, geochemical, and geodynamic implications of the 53 3 Laboratories, Inc., and was characterized for its crystal structure and chemical 74 composition by X-ray diffraction and electron microprobe analyses, respectively. relative to the incident X-ray pulses due to the lattice excitations of the iron sublattice, 86 was collected by three avalanche photodiode detectors (APD), whereas the synchrotron 87
Mössbauer spectroscopy (SMS) spectra were collected by a fourth detector in the forward 88 direction. A quasi-harmonic model was used to extract the PDOS from the measured 89 energy spectra ( The characteristic temperature or Lamb-Mössbauer temperature (T LM ) in Fig. 2 is 116 defined as: 117
where k B is the Boltzmann's contant, E recoil is the recoil energy for 57 Fe nucleus (1.96 119 meV), and g(E) is the partial phonon density of states. The recoil free fraction, commonly 120 known as Lamb-Mössbauer factor (f LM ), is related to the characteristic temperature, or 121
Lamb-Mössbauer temperature (T LM ), as follows: 122
where k 0 is the momentum of the photons with 14.412 keV, which equals to 7.3 Å, and 124 <x 2 > is the average displacement. One can also relate T LM to the Debye temperature, as 125 follows: 126
where E D is the Debye cut-off energy, as given by the maximum in the Debye 128 distribution of the phonon density of states. Hence,
Abnormal behavior of these properties is observed to occur between 40 GPa and 50 130
GPa. Specifically, V D , the mean force constant (D av ), and the Lamb-Mössbauer factor 131 (f LM ) suddenly drop between 40 and 50 GPa, suggesting a softening in Fe 2 O 3 in this 132 pressure range. Furthermore, vibrational specific heat (C vib ) and vibrational entropy (S vib ) 133 decrease with increasing pressures, but jump significantly between 40 and 50 GPa. To 134 understand these observations, we have employed X-ray diffraction, SMS, and X-ray 135 emission spectroscopy (XES) to confirm the crystal structures, hyperfine parameters, and 136 total spin momentum of Fe 2 O 3 under high pressures, respectively (Fig. 3,4) . X-ray 137 diffraction spectra were consistent with a structural transition from the corundum to the 138 (Fig. 3,4) . 
